Introduction {#s1}
============

Nowadays, mankind covers about 83% of the Earth\'s land surface [@pone.0063110-Sanderson1], causing global biodiversity to decline due to a quick loss of natural habitats of many species [@pone.0063110-Brooks1]. The proportion of potentially threatened species is rapidly increasing, leaving only very few species safe from a possible extinction [@pone.0063110-Wilson1]. It is therefore important not to miss any potential chance for animal conservation, including both in-situ and ex-situ conservational efforts. The world\'s zoos, aquaria, botanical gardens, and gene banks provide insurance for species and genetic diversity [@pone.0063110-MartonLefvre1]. According to the ISIS (International Species Information System) online database, more than 7 million individual animals are kept in 872 zoos and aquariums (as recorded by the date of 12^th^ January 2011). The high potential of zoos to serve as wildlife reservoirs, coupled with the rapid destruction of nature that we have faced in the last few decades, led [@pone.0063110-Soul1] to frame the landmark Ark Hypothesis. The role of zoos as an ark proved viable in the case of amphibians (the "Amphibian Ark") that suffered a rapid population decline due to the chytridiomycosis disease. In response to this threat, The World Association of Zoos and Aquariums (WAZA), the IUCN/SSC (The International Union for Conservation of Nature/Species Survival Commission) Amphibian Specialist Group, and the IUCN/SSC Conservation Breeding Specialist Group (CBSG) worked together to collect a large number of species [@pone.0063110-McGregorReid1]. Moreover, in 1993 the EU recognized this conservation potential of zoos during the Convention on Biological Diversity (CBD), and obliged the zoos to manage the ex-situ and in-situ conservational role under the CBD\'s requirements [@pone.0063110-Rees1], regardless of the lack of the government\'s systematic financial or other support [@pone.0063110-Gippoliti1]. EAZA (American Association of Zoos and Aquariums) and AZA (American Association of Zoos and Aquariums) supervise many specific ex-situ conservation programs such as Species Survival Plans and European Endangered Species Programmes. Moreover, they cooperate with CBSG, TAGs (Taxon Advisory Groups) and use various studbooks and data management systems, notably ISIS, to maintain the breeding of a variety of species which may also raise the effectiveness and possibility of species survival through captive breeding [@pone.0063110-Ebenhard1]--[@pone.0063110-Bowkett1].

However, although the space to accommodate wild animals in zoos worldwide altogether is large, it is still very limited when compared to the list of all extant species. Only a small fraction of the world\'s animal population can board the Ark. In the year 2009, the Ark provided space for about 152 thousand individual mammals belonging to 990 species (18.5% of extant species) within a median worldwide zoo population size of 34.5 individuals. Empirical studies suggest that the minimum population size necessary for short-time captive maintenance of animal species/breeds under controlled conditions is about 50 [@pone.0063110-Soul2], and populations over about 500 individuals are usually not affected by inbreeding depression [@pone.0063110-Reed1]. Although these thresholds are only rough estimates because the effect depends on both effective population size and frequency of deleterious recessive mutations (cf. [@pone.0063110-Kimura1]--[@pone.0063110-Frankham1]). The zoos worldwide maintain 416 mammalian species represented by more than 50 individuals, which is 7.8% of all extant species. For the threshold of 500 individuals, the numbers count only 79 mammalian species, representing 1.5% of the extant mammalian diversity [@pone.0063110-Frynta1]. Similar numbers were confirmed in an independent study from April 2010 [@pone.0063110-Conde1], finding that out of all 142 threatened mammalian species belonging to the IUCN categories Endangered, Critically Endangered, and Extinct in the wild, 68 species are being kept in zoos in more than 50 individuals, out of which 30 species are kept in more than 250 individuals.

Such small numbers point out that, even theoretically, if zoos tried to keep and breed endangered species, the space would be limited to hold only a tiny fraction of needful species at populations large enough to sustain a long-term captive breeding program of animals while avoiding an inbreeding depression. However, the presence of just a few unrelated individuals in zoos may occasionally save the species if the captive population is immediately expanded when necessary, e.g., after an unexpected crisis of the wild populations (but see [@pone.0063110-Hale1] for negative effects of bottlenecking). This suggests that cooperative ex-situ conservation can help restore animal populations once the threat has diminished. Although many authors have questioned this assumption ever since (i.e., [@pone.0063110-Roberts1]--[@pone.0063110-Lees1]), many researchers find the theoretical role of zoos in reintroduction programs as feasible (for a review of the limitations and solutions of availability of captive populations in reintroduction, see [@pone.0063110-Earnhardt1]; e.g., disease risk, behavioral competence of captive-reared individuals such as reduced ability to avoid predators or find food resources and attachment to humans; changes in genetic compositions, etc.), and a notable contribution of zoos to animals ex-situ breeding can be demonstrated by successful reintroductions which reduced the threat level of particular species. Species such as the Przewalski horse (*Equus ferus przewalskii*; [@pone.0063110-Volf1]), the American bison (*Bison bison*; [@pone.0063110-Freese1]), the European wisent (*Bison bonasus*; [@pone.0063110-Ahrens1]--[@pone.0063110-Tokarska1]), Pére David\'s deer (*Elaphurus davidianus*; [@pone.0063110-Jiang1]), or Arabian oryx [@pone.0063110-StanleyPrice2] may serve as examples of successfully maintained zoo animal populations released back into the wild. Other notably successful reintroduced animals were the Asiatic wild ass (*Equus hemionus*; [@pone.0063110-Saltz1]), the golden lion tamarin (*Leontopithecus rosalia*; [@pone.0063110-Stoinski1]), and the black-footed ferret (*Mustela nigripes*). The latter recovered from a very small population of only eighteen remaining individuals ([@pone.0063110-Dobson1]).

Moreover to the ex-situ breeding role of captive zoo populations, these groups might contribute to conservation purposes in other ways that do not necessarily demand high captive population densities. A very important role of today\'s zoological gardens presents education, especially promotion of increased public and political awareness of the need for in-situ conservation [@pone.0063110-LeaderWilliams1].

A single popular animal (or a small group of these) might serve as a flagship species and help its endangered relatives in the wild, or their natural habitat and its residents, to gain the necessary financial support from the public [@pone.0063110-Dietz1]. Another significant role of zoos resides in training specialists with the right knowledge about the breeding and care of the animals [@pone.0063110-Zimmermann1]. International studbooks running under the World Association of Zoos and Aquariums (WAZA) and collaboration with the ISIS database include husbandry and veterinary guidance for as many species as possible ([www.waza.org](http://www.waza.org)). However, keeping a few individuals of a rare species, or their relatives, may help to retain the right specialists for future needs. The experience of staff and researchers working with living animals is irreplaceable by studbook information and guidelines, and their presence may help to save the species. Similarly, imagine a well-educated surgeon with no experience with real patients to perform operations on living humans.

The situation is complicated due to the fact that conservation activities are not the only purpose of the zoos. In fact, it is an issue discussed more intensively during the last several decades [@pone.0063110-Zimmermann1]. Zoos are vitally dependant on the funds gained from visitors [@pone.0063110-Mazur1]. Guests come to zoos mainly for recreational activities, expecting to see large, attractive, and active animals [@pone.0063110-Bitgood1]--[@pone.0063110-Moss1]. This may seemingly lead to the conclusion that there is a trade-off of which animals to keep in zoos to satisfy both conservational purposes and the visitors\' recreational desires. The species\' conservational status according to the IUCN was not the key factor for the selection of species to be included in the worldwide zoo collection (see [@pone.0063110-Frynta1], [@pone.0063110-Conde1] for terrestrial vertebrates; [@pone.0063110-Frynta2] for parrots, [@pone.0063110-Mareov1] for boid snakes). A question thus arises: is it the attractiveness and/or factors connected with the attractiveness of the animals that determines the composition of the collection of zoo animals around the world?

Balmford et al. [@pone.0063110-Balmford1] hypothesized that it is the size of the animal that determines its presence in a zoo and we confirmed this relationship in almost all examined taxa of terrestrial vertebrates in our previous papers [@pone.0063110-Frynta1], [@pone.0063110-Frynta2], [@pone.0063110-Mareov1]. Additionally, we found that attractiveness of the animals to human respondents also affects the world\'s zoo population numbers in some clades, namely snakes [@pone.0063110-Mareov1], parrots [@pone.0063110-Frynta2], terrestrial birds (grouping followed [@pone.0063110-Ericson1], excluding Accipitriformes, Strigiformes, Trogonidae and Coliidae; Psittaciformes, Opisthocomus and Cuculiformes were added), basal mammals (Monotremata, Marsupialia, Xenarthra and Afrotheria), and mammals of the carnivore-ungulate clade (Laurasiatheria, [@pone.0063110-Frynta1]).

On principle, larger animals are more conspicuous and visible to potential zoo visitors. This leads to the assumption that size can be difficult to separate from attractiveness, yet still there is more to beauty than size itself. In this paper, we measured separate data of attractiveness perceived by human respondents for a nearly complete set of mammalian families. We hypothesized that both size and attractiveness of mammals are good predictors of the size of their captive zoo populations (World Zoo Collection; further referred to as WZC).

Moreover to the above-mentioned physical properties, the brain size may modulate the attractiveness of animals to zoo curators and visitors. Adolf Portmann, the well-known Swiss biologist of the 20^th^ century, hypothesized that humans categorize animals into the "higher" and "lower" ranked animal groups [@pone.0063110-Portmann1], and that this categorization, reflecting the brain size of the animal, affects the perceived attractiveness. Accordingly, we hypothesized that the brain size is a good predictor of behavioral attractiveness of mammalian species.

In this paper, we aimed to analyze the effect of body size, brain size, and attractiveness of mammalian species from almost all recent families to several variables explaining the WZC. We elaborate the previously-questioned number of individuals in the WZC in separate analyses to ask which factors determine whether the animal is present in any zoo or not, and to ask how many zoos actually keep those selected ones, and in how large or small numbers. There is a possibility that rather than species recognized by current taxonomists, taxa closer to genera or families represent the primary units of human spontaneous categorization [@pone.0063110-Berlin1]. Thus, the species within a family may compete with each other for the space available on the Ark (e.g., a zoo might select just one "mouse" or "rat" to keep in its collection instead of all 715 species of the family Muridae). Because of that, we included the species richness of the family as another factor to explain the analyzed WZC variables.

Materials and Methods {#s2}
=====================

The dataset used for statistical analyses (see [Appendix S1](#pone.0063110.s001){ref-type="supplementary-material"}) includes 123 rows referred to as families. There were 119 families recognized by [@pone.0063110-Wilson2] and four infraorders (i.e., Microchiroptera, Megachiroptera, Mysticeti, Odontoceti). Cetaceans and chiropterans were pooled into infraorders because these specialized aerial and marine taxa deviate considerably from the typical mammalian body plan and their representation in zoos is rather poor.

Dependent variables {#s2a}
-------------------

Information about the numbers of mammalian species and individuals kept in zoos worldwide was obtained from the ISIS (International Species Information System) online database (<http://www.isis.org>) covering more than 800 zoos and aquariums from 76 countries. We excluded hybrids, ambiguous genera, and domestic species/forms (see [Appendix S2](#pone.0063110.s002){ref-type="supplementary-material"}) from the dataset. We analyzed the following four variables derived from this dataset (accessed on 12^th^ January 2011):

1.  **Proportion of zoo species.** The number of species kept in the WZC scaled to the total number of extant species of a given family. This binomial variable reflects the mean probability that a species is kept at least in one zoo.

2.  **Mean population size.** The world zoo population size (square-root transformed) per species present in the WZC (the families not represented in the WZC were excluded).

3.  **Number of zoos.** The natural log-transformed mean number of zoos keeping the species (species and families not represented in the WZC were excluded).

4.  **Number of conspecifics per zoo.** The mean number of conspecifics per zoo keeping the species (the families not represented in the WZC were excluded).

Explanatory variables {#s2b}
---------------------

### Species richness {#s2b1}

The number of extant species of each family was log-transformed. In the case of infraorders, the number of extant species was divided by the number of families belonging to the infraorder.

### Body size {#s2b2}

We gathered body weight records (in grams) for representatives of most mammalian genera from literary sources (mostly from [@pone.0063110-Nowak1]). These values were naturally log-transformed and used for computation of family means.

### Brain size {#s2b3}

The relative brain size was substituted by an encephalization quotient. This variable, introduced by [@pone.0063110-Jerison1]--[@pone.0063110-Jerison3] and then repeatedly used as a measure of relative brain size (e.g. [@pone.0063110-Ashwell1]), is a natural log-transformed ratio between observed brain weight and theoretical brain weight predicted by an allometric equation for mammalian species of the given body size. We performed an ordinary least square regression to calculate the allometric relationship between brain and body size. We gathered the primary data on brain and body weights for 1309 mammalian species from various literary sources (see [Appendix S3](#pone.0063110.s003){ref-type="supplementary-material"}). Because the individual families were unequally represented in the dataset, we employed a weighting by the variable inversely proportional to the number of included species belonging to the particular family ([Figure 1](#pone-0063110-g001){ref-type="fig"}). The resulting empirical allometric equation (lnB = −0.6601\*lnM-2.4100; B = brain mass, M = body mass) was used for a calculation of the encephalization quotients.

![The allometric relationship between the brain and body sizes in 1309 mammalian species.\
Because the families were represented by an unequal number of data points (species), each family was given an equal weight when calculating the ordinary least-square regression. This correction for biased representation of the families resulted in a line seemingly unfitting the data points (representing species and not families). This adjusted regression line is considerably more reliable for further GLM analyses performed between family level, though. Allometric equation: ln(brain mass) = −0.6601 \* ln(body mass)−2.4100.](pone.0063110.g001){#pone-0063110-g001}

### Attractiveness {#s2b4}

For the purpose of data collection, we defined four sets of 123 pictures depicting species from each family. Species representing individual families in each partial set were selected by a two-step (first genus then species) random choice process from the list of extant genera and species ([@pone.0063110-Wilson2]; domestic forms were excluded). Thus, duplicated presence of identical genera and species was avoided whenever possible. In monotypic families, the species was represented by different pictures. Sets coded as A, B and C consisted of illustrations while D consisted of photographs. The main sources of the pictures were [@pone.0063110-Whitfield1]--[@pone.0063110-Myers1]. In order to avoid possible effects of body size and background on rating, we adjusted the pictures with a white background and we resized them so that the pictured mammals were of a similar relative size (for illustration, see [Figure 2](#pone-0063110-g002){ref-type="fig"}).

![The pictures of the representatives of the family Felidae (the second most preferred family out of 123 examined ones).\
It illustrates the variation of body positions among four tested sets of pictures (for details see under Materials and Methods): clouded leopard *Neofelis nebulosa* (top left), serval *Leptailurus serval* (top right), jaguar *Panthera onca* (bottom left; pictures painted by Silvie Lišková) and caracal *Caracal caracal* (bottom right; photo from the archive of the Zoo Prague).](pone.0063110.g002){#pone-0063110-g002}

The aesthetic attractiveness of the families was examined by presenting pictures of mammalian species to human volunteers (following [@pone.0063110-Mareov1]). The respondents were Czech citizens, mostly university students within the age range of 19--29 years. One can argue that as far as age, sex, and ethnic composition is concerned, our respondents did not properly represent the full scope of zoo visitors. The Czech Republic belongs among the least socially stratified countries in the world as demonstrated by the Gini index (GI) measuring the extent to which the distribution of income among individuals within an economy deviates from a perfectly equal distribution (0 corresponds to perfect equality while 100 to perfect inequality). The GI of the Czech Republic is 31 which corresponds to the 110 rank of 137 countries included in a comparison provided by the World Bank ([@pone.0063110-Central1]; compare, e.g., with GI = 45 for the USA which places them to the 41st position in the ranking; the higher the rank, the higher is the equality in society). Thus, we expected the Czech students to possess aesthetic preferences for animals comparable to the rest of the society, including zoo visitors (but see [@pone.0063110-Verssimo1], [@pone.0063110-Schlegel1] who found socio-economic and educational differences in preferences, but their method did not focus purely on aesthetics). Since we preferred a homogenous example of respondents well motivated to performing the task, in which we could focus on the variables related to the tested stimuli rather than respondent characteristics, the students presented a good testing sample for the experiments evaluating human-perceived animal attractiveness.

Moreover, our previous studies revealed that the aesthetic ranking of animal species is highly stable with the factors of age, sex and ethnic composition having only a marginal effect ([@pone.0063110-Frynta2]). This is especially surprising in the case of cross-cultural comparisons, e.g., in such different cultures as are those in Europe and Papua New Guinea ([@pone.0063110-Mareov2], [@pone.0063110-Frynta3] and new unpublished data; see also the agreement in physical attractiveness ratings of female faces across cultures [@pone.0063110-Cunningham1], but see [@pone.0063110-Entwistle1]). Note that the sample of respondents from non-European countries differed greatly in age and/or socioeconomic rank but their preferences for the examined animals still highly corresponded to those of the Czech students.

During the experiment, each respondent was exposed to one set of 123 pictures that were placed on a table in a random assemblage. Their objective was to "pack the photographs in an order corresponding to the beauty of the depicted species from the most beautiful to the least beautiful one", as we asked them. The order of the pictures in the pack was then coded by numerals from 1 (the most beautiful one) to 123, further referred to as ranks. Although no explicit time limit was given, all the respondents performed the task in about 30 minutes. Each set of pictures was evaluated by a comparable number of respondents: 77 (25 men), 85 (31), 77 (27) and 75 (25) for sets A, B, C and D, respectively. Altogether, we gathered data from 314 respondents; 206 of which were women and 108 were men.

All respondents agreed to participate in the project voluntarily. Each subject provided a written informed consent and additional information about gender, age and their affinity to mammals. The age and gender had no effect on the preferences (MANOVA, all Ps\>0.05), which allowed us to pool the data. The affinity to mammals exhibited too low of a variance (91.85% respondents reported positive affinity to mammals, 8.15% neutral and 0 negative) to allow reliable testing. The experiments were performed in accordance with the European law and were approved by The Institutional Review Board of Charles University, Faculty of Science (No. 2009/2).

In order to quantify and test congruence in species ranking provided by different respondents and/or to compare sets composed of different species, we adopted Kendall\'s Coefficient of Concordance (W) as implemented in SPSS v.16.0 [@pone.0063110-SPSS1]. There was considerable congruence among the respondents in all four sets of pictures; W coefficients were 0.206, 0.264, 0.224 and 0.334 for sets A, B, C and D, respectively (all p\<0.001).

Prior to further analyses, the raw ranks were transformed as follows: each value was divided by the number of evaluated families (123) and square-root arcsine transformed to improve its statistical distribution. Next, we computed the mean transformed rank for each set and family. Mean transformed ranks computed for individual sets were mutually significantly correlated (r^2^ = 0.334, 0.450, 0.401, 0.324, 0.449 and 0.420 for A vs. B, A vs. C, A vs. D, B vs. C, B vs. D and C vs. D, respectively; all p\<0.0001). This allowed us to compute family means from the mean preference ranks obtained for partial sets of pictures and to further use this variable as a simplified measure of aesthetic attractiveness of the family for humans. The numeric values of this variable were positivized (multiplied by −1) to make the explanation of the results more intuitive.

We included another explanatory variable in preliminary analyses: whether the family is mainly diurnal or nocturnal/fossorial. However, this variable correlates with the body size (r = −0.51), and when the influence of body size is removed, the factor itself explains neither of the analyzed dependant variables. As such, we removed it from further analyses.

Statistical treatment {#s2c}
---------------------

In order to examine the effects of species richness, body size, attractiveness, and brain size on dependent variables, we generated General Linear Models (GLMs) in R 2.8.0 [@pone.0063110-R1]. In the case of the proportion of zoo species, we adopted the binomial model with logit link function and Chi -- square tests. We used the Gaussian distribution with identity link in remaining analyses. AIC criterion was used to reduce the original full models. The simplified model was also compared to the previous model by the ANOVA test to verify that the change in residual deviance was not significant (P\>0.05).

Because species data are not independent as a result of shared phylogeny among more closely related taxa [@pone.0063110-Harvey1], we also carried out a phylogenetically controlled analysis using the independent contrast method [@pone.0063110-Felsenstein1]. For the purpose of this analysis, we used a phylogenetic tree of families compiled from recent studies dealing with molecular phylogenies. The main branching was adopted from Bininda-Emonds [@pone.0063110-BinindaEmonds1] and Arnason et al. [@pone.0063110-Arnason1], while specialized studies were used to improve the branching of partial crown taxa: Marsupialia [@pone.0063110-Meredith1], Xenarthra [@pone.0063110-Barros1], Cetartiodactyla [@pone.0063110-Agnarsson1], Carnivora [@pone.0063110-Dalerum1], Madagascar carnivores [@pone.0063110-Flynn1], Rodentia [@pone.0063110-BlangaKanfi1], Hystricognathi [@pone.0063110-Huchon1], Platacanthomyidae [@pone.0063110-Jansa1], Muridae [@pone.0063110-Jansa2], and Primates [@pone.0063110-Chatterjee1]. When phylogenetic information was equivocal, we resolved the tree in accordance with the conventional taxonomy. The independent contrasts of the arcsine-transformed mean preference rank, log-transformed WZPS, species number and body mass were computed using COMPARE, version 4.6b [@pone.0063110-Martins1]. All branch lengths were set to 1 because the corresponding estimations were not available. Thus, for the contrasts analysis, we assumed the applicability of the punctuational model of evolution. The diagnostic proposed by [@pone.0063110-Garland1] revealed that the contrasts were appropriately standardized. The multiple regression analyses based on independent contrast scores were performed in Statistica 6.0. [@pone.0063110-StatSoft1] and constrained to pass through the origin [@pone.0063110-Garland1].

Results {#s3}
=======

The analyzed zoos kept 179 868 mammals belonging to 1048 species and 103 families. The most represented families belonged predominantly to the carnivore-ungulates, primates and Xenarthra-Afrotheria clades ([Appendix S1](#pone.0063110.s001){ref-type="supplementary-material"}).

The highest aesthetic attractiveness was found in the large sized mammals (families Ailuridae, Felidae, Phascolarctidae, Ursidae, Giraffidae, Elephantidae, Equidae, Macropodidae, Mephitidae, and Cervidae). In contrast, the least preferred mammals (families Notoryctidae, Bathyergidae, Chrysochloridae, Spalacidae, Caenolestidae, Solenodontidae, Talpidae, Ctenomyidae, Geomyidae, and Dasypodidae) were predominantly small subterranean (fossorial) creatures with reduced eyes.

Proportion of zoo species {#s3a}
-------------------------

GLM revealed that the proportion of zoo species is associated positively with body size, attractiveness, and brain size, and negatively with species richness (all Ps\<0.0001). This result was confirmed when the original variables were replaced by their independent contrasts and treated by a multiple regression through the origin ([Table 1a](#pone-0063110-t001){ref-type="table"}, [Figure 3](#pone-0063110-g003){ref-type="fig"}).

![The proportion of zoo species as predicted by GLM.\
The effects of species richness (a), brain size (b), body size (c), and attractiveness (d). The dependent variable is the number of species kept in WZC scaled to the total number of extant species of a given family. This binomial variable reflects the mean probability that a species is kept in at least one zoo. For the definition and transformation of the explanatory variables see under the Material and methods section.](pone.0063110.g003){#pone-0063110-g003}

10.1371/journal.pone.0063110.t001

###### The parameters of the reduced general linear models examining the effects of species richness, body size, brain size and attractiveness on dependent variables reflecting the representation of mammalian species in WZC.

![](pone.0063110.t001){#pone-0063110-t001-1}

  A.                      Anova   Coefficients   Independent contrasts                                                  
  ---------------------- ------- -------------- ----------------------- --------- ---------- -------- -------- -------- ----------
  NULL                     122      1855.22                                                                             
  (Intercept)                                                                                 −0.447                    
  Taxonomic uniqueness      1        333.04               121            1522.18   \<0.0000   −0.199   −0.309   −0.063    0.0001
  Body size                 1        770.76               120            751.42    \<0.0000   0.257    0.363    0.059    \<0.0000
  Brain size                1        81.73                119            669.69    \<0.0000   0.861    0.176    0.165     0.0221
  Attractiveness            1        71.33                118            598.36    \<0.0000   3.178    0.242    0.582     0.0020

  B.                Anova   Coefficients   Independent contrasts                                               
  ---------------- ------- -------------- ----------------------- --------- -------- -------- ------- -------- ----------
  (Intercept)                                                                         11.152                   
  Body size           1        383.31             383.31           16.9380   0.0001   0.468                    
  Attractiveness      1        272.03             272.03           12.0210   0.0008   12.499   0.389   16.375   \<0.0000
  Residuals          100        2263               22.63                                                       

  C.                Anova   Coefficients   Independent contrasts                                               
  ---------------- ------- -------------- ----------------------- --------- ---------- ------- ------- ------- --------
  (Intercept)                                                                           2.336                  
  Body size           1        44.23               44.23           38.2475   \<0.0000   0.188   0.237   0.145   0.0104
  Attractiveness      1         9.75               9.75            8.4308     0.0045    2.366   0.350   3.416   0.0002
  Residuals          100       115.65              1.16                                                        

  D.                      Anova   Coefficients   Independent contrasts                                                
  ---------------------- ------- -------------- ----------------------- --------- -------- -------- -------- -------- --------
  (Intercept)                                                                               3.663                     
  Taxonomic uniqueness                                                                               −0.209   −0.152   0.0318
  Body size                 1        11.02               11.02           10.5723   0.0016   −0.129   −0.370   −0.193   0.0002
  Attractiveness            1         2.17               2.17            2.0789    0.1525   −0.001                    
  Residuals                100       104.20              1.04                                                         

a\) Proportion of extant species kept in WZC.

b\) World zoo population size per species in WZC.

c\) Proportion of zoos keeping the species.

d\) Individuals per Zoo Keeping the species.

The results of the phylogenetically adjusted analyses (multiple regression of independent contrasts performed through the origin) are also included. For the definition and transformation of the variables see under the Material and methods section.

Mean population size {#s3b}
--------------------

Mean population size of zoo species was associated positively with body size (P = 0.0001) and attractiveness (P = 0.0008). Only the effect of attractiveness was confirmed by the independent contrast analysis (P\<0.0001; [Table 1b](#pone-0063110-t001){ref-type="table"}, [Figure 4a,b](#pone-0063110-g004){ref-type="fig"}).

![The effects of body size and attractiveness.\
The effects of body size and attractiveness on the mean population size (a,b), number of zoos (c,d) and number of conspecifics per zoo (e,f). The mean population size: The world zoo population size (square-root transformed) per species present in WZC. The number of zoos: The natural log-transformed mean number of zoos keeping the species. The number of conspecifics per zoo: The mean number of conspecifics per zoo keeping the species. The families not represented in WZC were excluded from the analyses. For the definition and transformation of the explanatory variables see under the Material and methods section.](pone.0063110.g004){#pone-0063110-g004}

Number of zoos {#s3c}
--------------

Both GLM of original data and multiple regression of independent contrasts agreed that the mean proportion of zoos keeping the species was significantly predicted by the body size (P\<0.0001 and P = 0.0104, respectively) and attractiveness (P = 0.0045 and P = 0.0002, respectively) of the animal ([Table 1c](#pone-0063110-t001){ref-type="table"}, [Figure 4c,d](#pone-0063110-g004){ref-type="fig"}).

Number of conspecifics per zoo {#s3d}
------------------------------

GLM revealed negative effect of body size (P = 0.0016) on the mean number of conspecifics kept in a zoo. This effect was confirmed by multiple regression of independent contrasts (P = 0.0002). The latter analysis also revealed negative effect of species richness (P = 0.0318; [Table 1d](#pone-0063110-t001){ref-type="table"}, [Figure 4e,f](#pone-0063110-g004){ref-type="fig"}).

Discussion {#s4}
==========

We analyzed the representation of mammalian species in the WZC in the year 2011 and we found that it was very poor and highly selective, comparable to its state in 2009. [@pone.0063110-Conde1] The list of currently recognized mammalian species [@pone.0063110-Wilson2] contains 5334 extant species, but only 1048 of them (16%) were actually present in the WZC. There were twenty families that were entirely absent in the WZC. Such selectivity may not only affect the putative conservation value of zoo populations, but it may also warn us about the existence of a large bias in species selection for conservation in general.

The selection of species into the WZC is determined by decisions made by humans, and although the selection criteria might be different, we may still assume that the psychological drives behind such selection are the same or similar to those for the selection of species for conservation and reintroduction. Such conclusion is supported by the fact that, between the years 1992--2009, out of the 12 evaluated reintroduced mammalian families, 11 of them are in the top-half when taking brain size (EQ) or attractiveness into account (for the list of reintroduced families with detailed published results, see [Appendix S4](#pone.0063110.s004){ref-type="supplementary-material"}). The "intelligent" and "beautiful" animals seem to be favored in human decision-makings. Moreover, many conservation programs strongly depend on financial support by the public, and it is most appropriate to assume that their decisions which species to support and which not to is driven by similar factors. Therefore, a deeper understanding of the factors that affect various aspects of the WZC is very important.

It was previously demonstrated that large species selectively attract human attention and conservation efforts [@pone.0063110-Gunnthorsdottir1], [@pone.0063110-Metrick1]. We confirmed that the body size affects fundamentally all components of mammalian representation in the WZC. Mammalian species characterized by a large body size have a higher probability to be included in WZC. They tend to be represented by more numerous populations and they are also kept by more zoos. Because the material cost of keeping animals increases with the body size of the animal (Balmford 1996), the preferential representation of large mammals in the WZC is an interesting phenomenon. The metabolism (and thus the amounts of food and feces) and the required area of enclosure exponentially increase with the body size to about ¾ (0.72; [@pone.0063110-Kleiber1], [@pone.0063110-Kleiber2]; for review see [@pone.0063110-SchmidtNielsen1]) and 2/3 (i.e., the length of the suggested enclosure is roughly proportional to the body length of the animal in breeder\'s guidelines, e.g., [@pone.0063110-Anonymous1]), respectively. The fact that keeping a large species is constrained by the available space and expenses is further illustrated by our results suggesting that the number of conspecifics per zoo tends to be smaller in species of a larger body size. However, it seems that the zoos are able to overcome these constraints and selectively keep large animals because these attract more visitors and thus secure countervailing income ([@pone.0063110-Balmford2]).

In our previous study, we performed a separate analysis of the WZC of selected mammalian clades and we demonstrated that human preferences affect the WZC positively in basal mammals and Laurasiatheria [@pone.0063110-Frynta1]. The results of this study first show this relationship across all mammalian families; the species belonging to aesthetically attractive families have a higher probability to be included in the WZC, and they tend to be represented by more numerous populations as well as being kept by more zoos.

The positive effect of the encephalization index on the representation of mammalian species in the WZC predicted by [@pone.0063110-Portmann1] was only confirmed in the case of the proportion of zoo species. Apparently species of small-brained clades have a higher probability to be entirely omitted by the world zoos and their managers and curators. In agreement with Portman, the overall brain size (non-human primates: [@pone.0063110-Deaner1]), relative brain size (executive brain size: [@pone.0063110-Reader1]; residuals: [@pone.0063110-Overington1]) or the encephalization quotient, EQ = E~a~/E~e~, indicate the extent to which the brain size of a particular species E~a~ deviates from the expected brain size E~e~, and are, to some extent, good predictors of so-called "intelligence" of a mammal (for a review, see [@pone.0063110-Roth1]).

However, the exact definition of the term "intelligence", or higher cognitive abilities, is ambiguous. There are two main conflicting views: the adaptive specializations theory [@pone.0063110-Shettleworth1], saying that "intelligence" includes various learning and memory processes, which lead to adaptations for specific ecological task resolutions; and the general process view of "intelligence", described by the existence of general associative-learning abilities, which differ quantitatively among species [@pone.0063110-Macphail1]. A new, consensual theory describes "intelligence" as a behavioral flexibility [@pone.0063110-Roth1] manifested in quick problem-solving task or number of innovations [@pone.0063110-Overington1]. Fagen [@pone.0063110-Fagen1] assumed that the number of innovations and play has close or causal relationship. In mammals, the large-brained taxa are more likely to contain species that play more often [@pone.0063110-Iwaniuk1], and playful and active animals are more attractive to zoo visitors (e.g., Felidae: [@pone.0063110-Margulis1]). The attractiveness of animals with interesting behavior was also confirmed in [@pone.0063110-Verssimo1], which reported higher willingness to support birds with special behavioral characteristics, e.g., courtship rituals.

Species richness of a family has a negative effect on the proportion of zoo species, the mean population size, and the number of conspecifics per zoo. Thus, the zoo curators tend to avoid simultaneous keeping of species belonging to the same family. This can be explained by human tendency to categorize mammals into primary cognitive categories frequently joining multiple scientific species into a single unit. Ethnobiologists repeatedly demonstrated that the primary units of human categorization of animals correspond to so-called "generic names" (for a review see [@pone.0063110-Berlin1]). These are one-word terms describing a typical species of a "genus"; additional species names are derived by adding the adjectives.

The knowledge of the factors affecting the selection of animals in the WZC might be applicable to a broad array of efforts influenced by human-induced selection of species. Once we become aware of it, we may adjust future planning of conservation projects to lead them into a better success, saving both time and finances along the way. Zoo curators may intentionally try to select unattractive, but needful, endangered species along with the attractive ones to be included in their collection to fulfill both the advisable ex-situ conservation role and the expectation of zoo visitors. For example, the least attractive mammalian family of the marsupial moles (Notoryctidae) includes only two species, both endangered according to the IUCN status. They are not kept in any zoo at present, and their future is very insecure unless selectively focused on, going against the unwanted bias. Another way to fulfill both of the roles is to select the most attractive species out of a list of species with a similar threat status. For example, there are both attractive and unattractive species within some animal families, as shown by Frynta et al. [@pone.0063110-Frynta2], on all 367 parrots of the family Psittacidae. From within such families, endangered yet attractive animals could be included in the WZC.

Whatever the conservation priorities are ([@pone.0063110-Callicott1]), if there is an existing tendency to prefer the conservation of some species over the others, the factors affecting this tendency should be known. Nowadays, the preservation of biodiversity is a widely accepted priority for species conservation (e.g., [@pone.0063110-Margules1], [@pone.0063110-Smith1]). This priority is in conflict with human tendency to pay the proper attention selectively to large and attractive animals. However, the awareness of this selectivity may help the conservationists to improve their strategies. There are many small and/or unattractive species that are phylogenetically significant and thus key for biodiversity preservation. With only little or no support received, these species could be lost forever. A good example of possible application of species attractiveness assessment is in the case of the EDGE species (Evolutionarily Distinct and Globally Endangered [@pone.0063110-Isaac1]) -- a selection of threatened species with high biodiversity value. Once known, the unattractive species putatively lacking public awareness and support could receive special attention by conservation specialists.

Moreover, knowing that the attractiveness of an animal itself plays a major role in a human\'s decision-making, they may be able to intentionally select the "beautiful" species not only to raise the zoo\'s popularity among visitors, but also to use such species in educational programs, or present them as flagship species for further in-situ protection of wildlife. A reasonable definition of flagship species was proposed by Verissimo et al. [@pone.0063110-Verissimo1] (page 2): "A species used as the focus of a broader conservation marketing campaign based on its possession of one or more traits that appeal to the target audience". Smith et al. [@pone.0063110-Smith2] found that large bodied mammalian species with forward-facing eyes are most frequently used as flagships by non-government conservational organizations (NGO) and, based on these characteristics, they suggested five critically endangered species with a strong potential to serve as good flagship species: the African wild ass, tamarau (dwarf buffalo), pygmy raccoon, Talaud bear cuscus and Pennant\'s red colobus. When compared with our results, four of these animals belong to attractive mammalian families positioned in the top-half rank of the attractiveness (up to the fifth position; Equidae 7, Bovidae 20, Procyonidae 38 and Phalangeridae 50). The high attractiveness of threatened species per se may further increase the potential of these or similarly selected species to serve as flagships. In contrast, the Pennant\'s red colobus belongs to the family Cercopithecidae which appeared to be rather unattractive (placing the 94^th^ rank position). However, this family contains a large number of species the attractiveness of which may vary. A more detailed analysis on a species level could help to determine the actual attractiveness of the red colobus, or help find a species with similar attributes but higher attractiveness to be used as a flagship instead.

A properly selected flagship species may convince the public to donate more money for conservation, just as demonstrated by [@pone.0063110-White1]. In their study, the respondents were willing to pay more for the conservation of an otter than that of a water vole. This is in accord with our finding that otters from the family Mustelidae are more attractive to humans, placing 34^th^ in the preference ranking, than water voles from the family Muridae, which placed as far as 73^rd^ (See [Appendix S1](#pone.0063110.s001){ref-type="supplementary-material"}). Also, when lumped together into one conservation program, these two animals received less support than otters alone [@pone.0063110-White1]. This may be explained either by the sole presence of the unattractive animal in the program, which pushes the respondents back, or by the rising complexity of the message that was presented to the respondents. Either way, if conservationists select a single highly attractive animal to be presented to the public as a messenger for conservation planning, it may raise the success of the project. This may be caused both by raising the financial support of the project by people living far away from the place of question, or by local people who may re-think their view of the natural riches surrounding them [@pone.0063110-Dietz1]. Furthermore, we found that the attractiveness of snakes as perceived by humans is shared among such different cultures as Europeans and villagers from Papua New Guinea [@pone.0063110-Mareov2]. Another study confirmed these results on people from the five main inhabited continents [@pone.0063110-Frynta3]. If applicable to other animal taxa, the message from a single flagship species could touch people worldwide as well as people local to the conservation project. Although local communities face various problems with potential flagships that trigger conflicts as predatory animals, competitors or pests ([@pone.0063110-Kaltenborn1], [@pone.0063110-BowenJones1]), the attractiveness may play its role when the flagship is selected from harmless, non-conflicting species. In case of highly attractive animals, the attractiveness may even outweigh the possible conflict. The family Equidae placed 7^th^ rank of attractiveness in our study and the reintroduction of the Przewalski horse was well-accepted by local people in Mongolia (Hustain Nuru; Kůs E., Zoo Prague, personal communication) despite it being a competitor for domestic horses ([@pone.0063110-Volf1]).

In conclusion, this study shows that the predictors associated with human attention, especially body size and aesthetic attractiveness, have a substantial effect on the composition of the WZC. In the 21^st^ century, it is of an utmost importance to pay attention to the biodiversity preservation, and it might be up to the worldwide zoological gardens to play a significant role in this task. This is especially because zoos have the capacity to hold numerous species, a capacity larger than any other institution, together with the knowledge about the breeding of various species and properly managed studbooks. Whether they utilize this potential is a vision of the future. However, for the zoos and conservationists whose intentions are to conserve biodiversity, our study reveals one of many factors -- the human factor -- that may fundamentally affect the conservation efforts. Thus, conservation biologists should consider these psychological factors for proper management of the "Ark".
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